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DESCRIPTION 
PROCESS OF PRODUCING CAROTENOID PIGMENTS 

F i e l d o f th e Inve ntion 

The present invention relates to a process of microbiological production of carotenoid 
compounds. More specifically, the present invention relates to a process of producing 
carotenoid compounds such as astaxanthin, adonixanthin, j3 -carotene, echinenone, 
canthaxanthin, zeaxanthin, j3 -cryptoxanthin, 3 -hydroxy echinenone, asteroidenone and 
adonirubin. 

/. B ack gr ound A rt 

Q Carotenoid compounds are natural pigments useful as feed additives, food additives, 

O 

I pharmaceuticals and the like. Especially, astaxanthin has a high industrial value as feed 

~m\ additives such as a color improver for bred fishes, e.g., salmon, trout or red sea bream, and 

§ y 

J* as safe natural food additives. Likewise, adonixanthin is, if its industrial production 

■ process is established, promising as food additives, feed additives, pharmaceuticals, etc. 

O 

jfy Further, /3 -carotene has been used as feed additives, food additives, pharmaceuticals, etc.; 
p canthaxanthin has been used as food additives, feed additives, cosmetics, etc.; and 
Gj zeaxanthin has been used as food additives, feed additives, etc. Further, other carotenoid 
compounds such as echinenone, j3 -cryptoxanthin, 3-hydroxyechinenone, asteroidenone 
and adonirubin are also promising as feed additives, food additives, etc. As processes for 
producing these carotenoid compounds, such methods as chemical synthesis, production by 
microorganisms, and extraction from natural products are known. For astaxanthin, 
canthaxanthin and j3 -carotene, chemically synthesized products have already been 
commercialized. 

Astaxanthin is contained in fishes such as red sea bream, salmon and trout, and in 
crustaceans such as shrimp, crab, crawfish and krill, and can be obtained through extraction 
from them. Examples of astaxanthin-producing microorganisms include red yeast Phaffia 
rhodozyma; a bacterium belonging to the genus Brevibacterium (Journal of General and 
Applied Microbiology, 11, 127, 1969); bacterial strain E-396 (FERM BP-4283) belonging 
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to a novel genus (Japanese Unexamined Patent Publication Nos. 7-79796 and 8-9964; 
United States Patent Nos. 5,607,839 and 5,858,761); bacterium Agrobacterium aurantiacum 
(Japanese Unexamined Patent Publication No. 7-184688); and green alga Haematococcus 
pluvialis (Phytochemistry, 2Q, 2561, 1981). As processes of chemical synthesis, 
conversion of /3 -carotene (Pure Appl. Chem. 52, 741, 1985) and synthesis from C 15 
phosphonium salts (Helv. Chim. Acta. M, 2436, 1981) are known. 

It is known that Canthaxanthin is contained in certain species of mushrooms 
(Botanical Gazette, 112 . 228-232, 1950), as well as fishes and crustaceans (Carotenoids of 
Marine Organisms, Journal of the Japanese Society of Fisheries Science, 1978). Examples 
of canthaxanthin-producing microorganisms include a microorganism belonging to the 
genus Brevibacterium (Applied and Environmental Microbiology, 55(10), 2505, 1989); a 
gj microorganism belonging to the genus Rhodococcus (Japanese Unexamined Patent 
9 Publication No. 2-138996); bacterial strain E-396 (FERM BP-4283) belonging to a novel 

5 genus (Japanese Unexamined Patent Publication Nos. 7-79796 and 8-9964; United States 

i y 

HJ Patent Nos. 5,607,839 and 5,858,761); and bacterium Agrobacterium aurantiacum (Biosci. 

s Biotechnol. Biochem. 5£, 1842, 1994). As processes of chemical synthesis, conversion of 

jjy j3 -carotene (J. Amer. Chem. Soc, 2&, 1427, 1956) and synthesis from a novel 3-oxo-C )5 

{La 

\\ phosphonium salt (Pure Appl. Chem., 51, 875, 1979) are known. 

xss. 

W It is known that adonixanthin is contained in fishes such as goldfish and carp. 

However, its chemical synthesis is believed to be difficult, and no industrial process for 
production of adonixanthin has been known. Examples of adonixanthin-producing 
microorganisms include microorganisms belonging to the genera Flavobacterium, 
Alcaligenes, Pseudomonas, Alteromonas, Hyphomonas and Caryophanon, respectively 
(Japanese Unexamined Patent Publication No. 6-165684); bacterial strain E-396 (FERM 
BP-4283) belonging to a novel genus (Japanese Unexamined Patent Publication Nos. 7- 
79796 and 8-9964; United States Patent Nos. 5,607,839 and 5,858,761); and bacterium 
Agrobacterium aurantiacum (Biosci. Biotechnol. Biochem. 5j£, 1842, 1994). 

As processes for producing £ -carotene, synthesis from j3 -ionone (Pure Appl. 
Chem. 63(1), 45, 1979) and extraction from green or yellow vegetables such as carrot, 
sweet potato or pumpkin (Natural Coloring Agent Handbook, Kohrin (1979), edited by 
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Editorial Committee of Natural Coloring Agent Handbook) are known. Examples of 
j3 -carotene-producing microorganisms include algae belonging to genus Dunaliella, fungi 
belonging to genus Blakeslea (J. Appl. Bacteriol., ZQ, 181, 1991); bacterial strain E-396 
(FERM BP-4283) belonging to a novel genus (Japanese Unexamined Patent Publication 
Nos. 7-79796 and 8-9964; United States Patent Nos. 5,607,839 and 5,858,761); and 
bacterium Agrobacterium aurantiacum (FEMS Microbiology Letters 128 . 139, 1995). 

Echinenone is extracted from natural products, e.g., starfishes such as crown of 
thorns, internal organs of fishes such as red sea bream, sea urchin, internal organs of 
crustaceans such as lobster, etc. Examples of echinenone-producing microorganisms 
include bacterial strain E-396 (FERM BP-4283) belonging to a novel genus (Japanese 
Unexamined Patent Publication Nos. 7-79796 and 8-9964; United States Patent Nos. 

R - 
(■* 

B 5,607,839 and 5,858,761) and bacterium Agrobacterium aurantiacum (FEMS Microbiology 
Jp Letters 12&, 139, 1995). 

?S As processes for producing zeaxanthin, chemical synthesis starting from an optically 

rU active hydroxy ketone obtained by asymmetric reduction of oxoisophorone (Pure Appl. 

£ Chem., 61(1), 45, 1991) and extraction from com seeds (Biopigments, 1974, Asakura 

O 

m Shoten) are known. Examples of zeazanthin-producing microorganisms include a 

fT bacterium belonging to the genus Flavobacterium (Carotenoids, In Microbial Technology, 

P 2nd Edition, Vol. 1, 529-544, Academic Press, New York); bacterial strain E-396 (FERM 

ru 

BP-4283) belonging to a novel genus (Japanese Unexamined Patent Publication Nos. 7- 
79796 and 8-9964; United States Patent Nos. 5,607,839 and 5,858,761) and bacterium 
Agrobacterium aurantiacum (FEMS Microbiology Letters 128 . 139, 1995). 

However, the above-described production processes have various problems. For 
example, safety is not assured for the synthesized products; production by microorganisms 
is low in productivity; and extraction from natural products requires high cost. In the 
production of astaxanthin, for example, extraction from natural products such as krill or 
crawfish requires high cost since the content of astaxanthin is extremely small and yet the 
extraction is difficult. Red yeast Phqffia rhodozyma has a low growth rate, produces only 
small amounts of astaxanthin, and has a hard cell wall that makes the extraction of 
astaxanthin difficult. Thus, industrialization of astaxanthin production using this yeast is 
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problematic. Green alga Haematococcus pluvialis also has many problems. Its growth 
rate is extremely low; this microorganism is easily contaminated; and extraction of 
astaxanthin therefrom is difficult. Thus, industrialization using this microorganism is 
problematic. 

Bacterial strains E-396 (FERM BP-4283) and A-581-1 (FERM BP-4671) belonging 
to a novel genus (Japanese Unexamined Patent Publication Nos. 7-79796 and 8-9964; 
United States Patent Nos. 5,607,839 and 5,858,761) have a number of advantages, e.g., high 
productivity, high growth rate, and easy extraction. However, since these microorganisms 
produce a plurality of carotenoid compounds such as astaxanthin, adonixanthin, j3 - 
carotene, echinenone, canthaxanthin, zeaxanthin, j3 -cryptoxanthin, 3-hydroxyechinenone, 
asteroidenone and adonirubin simultaneously, production ratios of these compounds vary 

3 - 

p from culture to culture, and it has been difficult to produce pigments at stable ratios. 
]p When the resultant pigment mixture is used in animal feeds, etc. as a color improver, the 

*j effect of color improvement varies rather widely. This has been an obstacle to 

s y 

Ty commercial production of pigments using these microorganisms. 

CP 

is Thus, a process for stably producing carotenoid compounds at constant ratios has 

pj been desired. 

f7 The present invention has been made in view of such circumstances. It is an object 

S3 of the present invention to control the production ratios of carotenoid compounds and to 

ru 

provide a process for stably producing carotenoid compounds at such controlled, specific 
ratios. 



D isclosure of the Invention 

As a result of intensive and extensive researches toward the solution of the above- 
described problems, the present inventors have found that it is possible to control the 
production ratios of a plurality of carotenoid compounds and to produce the carotenoid 
compounds at such controlled, specific ratios, by appropriately controlling the 
concentration of dissolved oxygen in a culture during cultivation of a microorganism 
producing the carotenoid compounds. Thus, the present invention has been achieved. 

The present specification includes the contents described in the specification and/or 
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drawings of the Japanese Patent Application No. 2000-175124 based on which the present 
application claims priority. 



Best M ode fo r Carryin g Out the Invention 

Hereinbelow, the present invention will be described in more detail. 
In the process of the invention, carotenoid compounds-producing microorganisms 
are used. Examples of such microorganisms include carotenoid-producing bacteria, yeasts 
and fungi. One example of such bacteria is a bacterium in which the nucleotide sequence 
% of a DNA corresponding to its 16S ribosomal RNA has 98% or more homology to the 
nucleotide sequence as shown in SEQ ID NO: 1. Specifically, bacterial strains E-396 
(FERM BP-4283) and A-581-1 (FERM BP-4671); various mutant strains that can be 
* g§ obtained by mutating/improving these strains; and related species of these strains may be 
jg enumerated. The nucleotide sequence as shown in SEQ ID NO: 1 (DNA) corresponds to 
!*j the 16S ribosomal RNA of E-396 strain, and the nucleotide sequence as shown in SEQ ID 
fU NO: 2 (DNA) corresponds to the 16S ribosomal RNA of A-581-1 strain. 

5 Recently, classification of microorganisms based on the homology of nucleotide 

O 

m sequences of 16S ribosomal RNAs has become predominant as means for classifying 
jp! microorganisms, because the conventional classification based on motility, auxotrophy, 
P assimilation of saccharides, etc. has a problem that microorganisms may be identified 
erroneously when their characters have been changed by natural mutation or the like. The 
reliability of classification is remarkably improved when it is based on the homology of 
nucleotide sequences of 16S ribosomal RNAs since those nucleotide sequences are 
hereditarily very stable. The homology between the nucleotide sequences of the 16S 
ribosomal RNAs of E-396 strain and A-581-1 strain is 99.4%. This shows that these 
strains are closely related strains. Thus, these strains form a group of carotenoid- 
producing bacteria. E-396 strain and A-581-1 strain as well as those strains that produce 
effect under the culture conditions of the present invention are defined as a microorganism 
that has 98% or more homology to the nucleotide sequence of the 16S ribosomal RNA of E- 
396 strain as a mutant or related species of E-396 strain or A-581-1 strain. 

Now, E-396 strain that is a specific example of the microorganism used in the present 
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invention will be described below. This strain was newly isolated by the present inventors 
and deposited at the International Patent Organism Depository, National Institute of 
Advanced Industrial Science and Technology (AIST Tsukuba Central 6, 1-1, Higashi 1- 
chome, Tsukuba-shi, Ibaraki, Japan) on April 27, 1993 as FERM BP-4283. Another 
specific example of the microorganism is A-581-1 strain (FERM BP-4671). This strain 
was newly isolated by the present inventors and deposited at the International Patent 
Organism Depository, National Institute of Advanced Industrial Science and Technology 
(AIST Tsukuba Central 6, 1-1, Higashi 1-chome, Tsukuba-shi, Ibaraki, Japan) on May 20, 
; 1994 as FERM BP-4671. 

; ' The process of fermentation according to the invention is, for example, as described 

below. Briefly, a carotenoid-producing microorganism is cultured in a medium containing 

p components that are necessary for the growth of the microorganism and generate carotenoid 

O 

jS pigments. 

'"B The fermentation method may be conventional aerobic culture, such as aeration 

ry 

fU agitation culture, bubble column culture, or fluidized bed culture. Preferably, aeration 

CO 

s agitation culture is used. For example, E-396 strain (FERM BP-4283) produces 
ISy carotenoid compounds of /3 -carotene, echinenone, jS-cryptoxanthin, 3 -hydroxy echinenone, 
asteroidenone, canthaxanthin, zeaxanthin, adonirubin, adonixanthin and astaxanthin 
simultaneously. 

The biosynthesis of astaxanthin is estimated as follows. The six-membered rings at 
both ends of j3 -carotene located upstream are modified by ketolase and hydroxylase, 
respectively, to finally produce astaxanthin. However, there has been observed a 
phenomenon that all of the carotenoid compounds are not converted into astaxanthin even if 
the fermentation period has been prolonged and that some part of these compounds remain 
unconverted until the end of the fermentation. Besides, the production ratios of these 
compounds vary by cultivation. For example, in one cultivation, the ratios of j3 -carotene, 
echinenone, canthaxanthin, adonirubin and 3-hydroxyechinenone that are believed to be 
located upstream in the biosynthesis pathway are high; in another cultivation, the 
production ratio of astaxanthin is high; and in still another cultivation, the production ratio 
of adonixanthin is high. 



6 



For the above-described reasons, the effect of color improvement varies rather widely 
when the resultant pigment mixture is used in animal feeds, etc. as a color improver. Thus, 
such pigment mixture cannot be sold as merchandise. This has been an obstacle to 
commercial production of such pigments. As a result of various researches toward the 
solution of this problem, the present inventors have found that a factor influencing the 
production ratios of pigments is the dissolved oxygen in the culture. It was found that, in 
agitation culture with a specific agitation/rotation speed, the concentration of dissolved 
oxygen in the culture is influenced by subtle differences in the oxygen consumption rate of 
the microorganism and, thus, the production ratios of pigments vary by culture lot. By 
controlling the concentration of dissolved oxygen in the culture during cultivation, it is 
possible to control the production ratios of the carotenoid compounds, i.e., j3 -carotene, 
jgj echinenone, j3 -cryptoxanthin, 3 -hydroxy echinenone, asteroidenone, canthaxanthin, 

zeaxanthin, adonirubin, adonixanthin and astaxanthin. 
Jr By controlling the concentration of dissolved oxygen in the culture low, it is possible 

FU to increase the production ratios of j3 -carotene, echinenone, canthaxanthin, 3- 

m 

hydroxyechinenone and adonirubin that are believed to be located upstream in the 
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jfj biosynthesis pathway. By controlling the concentration of dissolved oxygen in the 
f; culture at a moderate level, it is possible to increase the production ratio of astaxanthin. 
O By controlling the concentration of dissolved oxygen in the culture high, it is possible to 

ru 

increase the production ratio of adonixanthin. 

For example, in order to increase the production ratio of astaxanthin, the 
concentration of dissolved oxygen in the culture is controlled within a range of 15-40%, 
preferably 20-30%, of the saturated oxygen concentration. The production ratio of 
astaxanthin can be increased to 40% or more under conditions that the concentration of 
dissolved oxygen is 20-30% of the saturated oxygen concentration. 

When the concentration of dissolved oxygen is within a range of 0-15%, preferably 
0-10%, of the saturated oxygen concentration, /3 -carotene, echinenone, canthaxanthin, 3- 
hydroxyechinenone and adonirubin are accumulated abundantly, whereas the production of 
astaxanthin is inhibited. Under such conditions, the total of the produced )3 -carotene, 
echinenone, canthaxanthin, 3 -hydroxyechinenone and adonirubin amounts to 60% or more 
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of the total yield of the all compounds. Thus, the production ratio of astaxanthin can be 
reduced to 40% or less. 

In order to increase the production ratio of adonixanthin, the concentration of 
dissolved oxygen in the culture is controlled within a range of 35-100%, preferably 40- 
100%, of the saturated oxygen concentration. The production ratio of adonixanthin can be 
increased to 35% or more under such conditions. 

With respect to culture phase, the concentration of dissolved oxygen is important in 
logarithmic growth phase. For example, when the concentration of dissolved oxygen is 
raised during this phase, the production ratio of adonixanthin increases even if that 
concentration is lowered later. 

The control of the concentration of dissolved oxygen may be performed by 

O conventional methods used in the culture of microorganisms. For example, the control 

Q 

jg may be performed by automatically adjusting the flow rate of air or oxygen supplied to the 

y fermenter according to the concentration of dissolved oxygen in the culture which is 

Hi measured with a dissolved oxygen electrode. Alternatively, the control may be performed 

00 

* by automatically adjusting the rotation speed of an impeller according to the concentration 

Q 

m of dissolved oxygen in the culture which is measured with a dissolved oxygen electrode. 



fU 



EXAMPLES 

Hereinbelow, the present invention will be described more specifically with reference 
to the following Examples. However, the present invention is not limited to these 
Examples. 



EXAMPLE 1. 

A medium (100 ml) having the composition as shown in Table 1 below was placed in 
a 500 ml Erlenmeyer flask and steam-sterilized at 121°C for 15 min. E-396 strain (FERM 
BP-4283) was inoculated thereinto and cultured under rotary shaking at 150 rpm and at 
28°C for one day. Subsequently, 600 ml of this culture was inoculated into 20 L of a 
medium having the composition as shown in Table 2 below contained in a 30 L aeration- 
agitation fermenter, and cultured under aerobic conditions at an aeration rate of 1.0 vvm and 
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at 28°C for 90 hr. During cultivation, pH was continuously controlled at 7.2 with 20% 
NaOH. Since sucrose is consumed as the microorganism grows, 300 g each of sucrose 
was added on day 1 and day 2 of the cultivation. The dissolved oxygen in the culture was 
controlled automatically by interlocking a dissolved oxygen electrode with the motor of an 
impeller and changing the rotation speed of the impeller according to the measured value of 
the dissolved oxygen. The minimum rotation speed was set at 80 rpm. 

The concentration of dissolved oxygen is a ratio to the saturated oxygen 
concentration in the medium used. In this experiment, the concentrations of dissolved 
oxygen were set at 5%, 15%, 20%, 25%, 30% and 35% of the saturated oxygen 
concentration. 

The concentrations and ratios of the carotenoid compounds produced under 
individual conditions were as shown in Tables 4 and 5 below (letters representing these 
compounds are shown in Table 3). 



- 5 - Table 1. 

ry 

S3 Composition Amount Added 



Corn steep liquor 30g/L 

Sucrose 30g/L 

KH 2 PO 4 0.54g/L 

K 2 H PO 4 2.78g/L 

MgS0 4 -7H 2 0 12.0g/L 

CaCl 2 -2H 2 0 O.lg/L 

FeS0 4 -7H 2 O 0.3g/L 
pH7.2 



Table 2. 




Composition 


Amount Added 


Corn steep liquor 


30g/L 


Sucrose 


30g/L 


KH 2 P0 4 


1.5g/L 


Na 2 H P0 4 -12H 2 0 


3.8g/L 


MgS0 4 -7H 2 0 


3.0g/L 


CaCl 2 -2H 2 0 


0.2g/L 


FeS0 4 -7H 2 0 


l.Og/L 


pH7.2 
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Table 3. 



Letter 


Compound 


A 

A 


j3 -carotene 


r> 


echinenone 




3 -hydroxy echinenone 


D 


canthaxanthin 


E 


adonirubin 


F 


/3 -cryptoxanthin 


G 


astaxanthin 


H 


asteroidenone 


I 


adonixanthin 


J 


zeaxanthin 



Table 4. 



Concentration of 
Dissolved Oxygen (%) 


Concentration of Produced Pi 


gment (mg/ 


L) 


A 


B 


C 


D 


E 


F 


G 


H 


I 


J 


Total 


5 


5.0 


1.6 


0.5 


3.3 


4.0 


0.0 


2.8 


0.1 


0.4 


0.1 


17.8 


15 


2.9 


2.1 


0.3 


3.7 


7.5 


0.0 


8.6 


0.2 


1.8 


0.1 


27.2 


20 


3.5 


2.2 


0.2 


2.0 


3.8 


0.0 


11.6 


0.2 


3.5 


0.1 


27.2 


25 


3.8 


1.4 


0.2 


1.7 


4.3 


0.0 


14.6 


0.3 


5.7 


0.1 


32.1 


30 


2.6 


0.9 


0.1 


0.8 


1.7 


0.0 


9.8 


0.2 


5.1 


0.1 


21.3 


35 


1.6 


0.4 


0.1 


0.7 


1.6 


0.0 


8.5 


0.2 


7.9 


0.1 


21.1 



Table 5. 



Concentration of 
Dissolved Oxygen (%) 


Precursors 


G 






mg/L 


% 


mg/L 


% 


mg/L 


% 


5 


14.6 


82 


2.8 


16 


0.4 


2 


15 


16.8 


62 


8.6 


32 


1.8 


7 


20 


12.1 


44 


11.6 


43 


3.5 


13 


25 


11.8 


37 


14.6 


46 


5.7 


18 


30 


6.4 


30 


9.8 


46 


5.1 


24 


35 


4.7 


22 


8.5 


40 


7.9 


37 



Precursors: A+B+C+D+E+F 



EXAMPLE 2. 

A medium (100 ml) having the composition as shown in Table 1 above was placed 
in a 500 ml Erlenmeyer flask and steam-sterilized at 121°C for 15 min. E-396 strain 
(FERM BP-4283) was inoculated thereinto and cultured under rotary shaking at 150 rpm 
and at 28°C for one day. Subsequently, 100 ml of this culture was inoculated into 2 L of a 
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medium having the composition as shown in Table 2 above contained in a 5 L aeration- 
agitation fermenter, and cultured under aerobic conditions at an aeration rate of 1 .0 wm and 
at 28°C for 90 hr. During cultivation, pH was continuously controlled at 7.2 with 20% 
NaOH. Since sucrose is consumed as the microorganism grows, 30 g each of sucrose was 
added on day 1 and day 2 of the cultivation. The dissolved oxygen in the culture was 
controlled automatically by interlocking a dissolved oxygen electrode with the motor of an 
impeller and changing the rotation speed of the impeller according to the measured value of 
the dissolved oxygen. The minimum rotation speed was set at 100 rpm. The 
concentration of dissolved oxygen is a ratio to the saturated oxygen concentration in the 
medium used. In this experiment, the concentration of dissolved oxygen was set at 25% of 
the saturated oxygen concentration. 

For the purpose of comparison, the same strain was cultured under conditions that 
no control of dissolved oxygen was carried out (i.e., agitation was carried out at a constant 
rotation speed of 450 rpm). 

The concentrations of the carotenoid compounds produced under individual 
conditions were as shown in Table 6. 



Table. 6 



Run 


Control of 


Precursors 


Astaxanthin 


Adonixanthin 


Total Pigments 


No. 


Dissolved Oxygen 


mg/L 


% 


mg/L 


% 


mg/L 


% 


mg/L 


% 


1 


Without (450 rpm) 


16.5 


62 


8.6 


32 


1.8 


7 


26.8 


100 


2 


Without (450 rpm) 


13.8 


82 


2.5 


15 


0.5 


3 


16.8 


100 


3 


Without (450 rpm) 


6.5 


29 


8.9 


39 


5.2 


23 


22.6 


100 


4 


Without (450 rpm) 


10.6 


45 


7.1 


30 


6.1 


26 


23.8 


100 


5 


Without (450 rpm) 


12.5 


39 


14.9 


47 


4.6 


14 


32.0 


100 


6 


With (25%) 


11.5 


38 


15.3 


49 


4.4 


14 


31.2 


100 


7 


With (25%) 


12.8 


41 


13.5 


43 


4.8 


15 


31.1 


100 


8 


With (25%) 


10.9 


40 


11.8 


43 


4.5 


17 


27.2 


100 


9 


With (25%) 


13.2 


44 


12.5 


42 


4.3 


14 


30.0 


100 


10 


With (25%) 


9.9 


36 


13.2 


47 


4.7 


17 


27.8 


100 



EXAMPLE 3. 

E-396 strain (FERM BP-4283) was mutated with NTG (N-methyl-N'-nitro-N- 
nitrosoguanidine), and colonies with a deep red color were selected. Carotenoid 
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compounds in culture of these clones were analyzed, followed by selection of a mutant 
clone Y-1071 which had an improved productivity of astaxanthin. A medium (100 ml) 
having the composition as shown in Table 1 above was placed in a 500 ml Erlenmeyer flask 
and steam- sterilized at 121°C for 15 min. Y-1071 clone was inoculated thereinto and 
cultured under rotary shaking at 150 rpm and at 28°C for one day. 

Subsequently, 1 00 ml of this culture was inoculated into 2 L of a medium having the 
composition as shown in Table 2 above contained in a 5 L aeration-agitation fermenter, and 
cultured under aerobic conditions at an aeration rate of 1.0 wm and at 28°C for 90 hr. 
During cultivation, pH was continuously controlled at 7.2 with 20% NaOH. Since sucrose 
is consumed as the microorganism grows, 30 g each of sucrose was added on day 1 and day 
2 of the cultivation. The dissolved oxygen in the culture was controlled automatically by 
interlocking a dissolved oxygen electrode with the motor of an impeller and changing the 



O 

O rotation speed of the impeller according to the measured value of the dissolved oxygen. 



43 The minimum rotation speed was set at 1 00 rpm. 

m 

fy The concentration of dissolved oxygen is a ratio to the saturated oxygen 

03 

concentration in the medium used. In this experiment, the concentrations of dissolved 

O oxygen were set at 5%, 15%, 20%, 25%, 30% and 35% of the saturated oxygen 

fU 

!h* concentration. 

y> 

q The concentrations and ratios of the carotenoid compounds produced under 

ry 

individual conditions were as shown in Tables 7 and 8 below. 



Table 7. 



Concentration 


Concentration of Produced Pigment (mg/L) 


of Dissolved 
Oxygen (%) 


A 


B 


C 


D 


E 


F 


G 


H 


I 


J 


Total 


5 


79.1 


17.8 


3.3 


29.8 


46.3 


0.1 


35.3 


0.7 


5.2 


0.8 


218.4 


15 


31.1 


18.9 


4.3 


38.5 


68.8 


0.1 


94.8 


1.9 


6.8 


0.5 


265.7 


20 


36.9 


16.9 


1.8 


17.2 


39.4 


0.1 


122.8 


2.5 


32.6 


1.8 


272.0 


25 


36.9 


15.6 


2.0 


17.8 


39.5 


0.1 


128.8 


2.6 


35.5 


1.3 


280.1 


30 


25.1 


9.9 


1.0 


9.3 


14.8 


0.1 


102.6 


2.1 


51.3 


1.1 


217.3 


35 


15.3 


5.2 


0.9 


8.4 


15.9 


0.1 


90.9 


1.8 


80.4 


0.9 


219.8 
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Table 8. 



Concentration of 
Dissolved Oxygen (%) 


Precursors 


G 






mg/L 


% 


mg/L 


% 


/T 

mg/L 


% 


5 


177.9 


81 


35.3 


16 


5.2 


2 i 


15 


164.1 


62 


94.8 


36 


6.8 


3 


20 


116.6 


43 


122.8 


45 


32.6 


12 


25 


115.8 


41 


128.8 


46 


35.5 


13 


30 


63.4 


29 


102.6 


47 


51.3 


24 


35 


48.5 


22 


90.9 


41 


80.4 


37 



EXAMPLE 4. 

A medium (100 ml) having the composition as shown in Table 1 above was placed 
in a 500 ml Erlenmeyer flask and steam-sterilized at 121°C for 15 min. A-581-1 strain 
(FERM BP-4671) was inoculated thereinto and cultured under rotary shaking at 150 rpm 
Q and at 28°C for one day. Subsequently, 100 ml of this culture was inoculated into 2 L of a 
jg medium having the composition as shown in Table 2 above contained in a 5 L aeration- 
pj agitation fermenter, and cultured under aerobic conditions at an aeration rate of 1.0 wm and 
jtj at 28°C for 90 hr. During cultivation, pH was continuously controlled at 7.2 with 20% 
» NaOH. Since sucrose is consumed as the microorganism grows, 30 g each of sucrose was 

p% 

fy added on day 1 and day 2 of the cultivation. The dissolved oxygen in the culture was 
jT7 controlled automatically by interlocking a dissolved oxygen electrode with the motor of an 
jjjj impeller and changing the rotation speed of the impeller according to the measured value of 
the dissolved oxygen. The minimum rotation speed was set at 100 rpm. The 
concentration of dissolved oxygen is a ratio to the saturated oxygen concentration in the 
medium used. In this experiment, the concentrations of dissolved oxygen were set at 5%, 
15%, 20%, 25%, 30% and 35% of the saturated oxygen concentration. 

The concentrations and ratios of the carotenoid compounds produced under 
individual conditions were as shown in Tables 9 and 10 below. 
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Table 9. 



Concentration 


Concentration of Produced Pigment (mg/L) 


of Dissolved 
Oxygen (%) 


A 


B 


C 


D 


E 


F 


G 


H 


I 


J 


Total 


5 


0.80 


0.20 


0.12 


0.55 


0.89 


0.00 


0.33 


0.00 


0.23 


0.01 


3.13 


15 


0.55 


0.48 


0.04 


0.82 


1.33 


0.00 


1.56 


0.00 


0.56 


0.02 


5.36 


20 


0.68 


0.42 


0.03 


0.36 


0.72 


0.00 


2.22 


0.00 


0.85 


0.02 


5.30 


25 


0.75 


0.29 


0.03 


0.35 


0.82 


0.00 


2.93 


0.00 


1.43 


0.02 


6.62 


30 


0.45 


0.29 


0.02 


0.15 


0.33 


0.00 


1.65 


0.00 


1.62 


0.02 


4.53 


35 


0.28 


0.06 


0.02 


0.12 


0.30 


0.00 


1.32 


0.00 


1.96 


0.02 


4.08 



Table 10. 



Concentration of 
Dissolved Oxygen (%) 


Precursors 


G 






mg/L 


% 


mg/L 


% 


mg/L 


% 


5 


2.6 


82 


0.33 


11 


0.2 


7 


15 


3.2 


60 


1.56 


29 


0.6 


10 


20 


2.2 


42 


2.22 


42 


0.9 


16 


25 


2.3 


34 


2.93 


44 


1.4 


22 


30 


1.3 


28 


1.65 


36 


1.6 


36 


35 


0.8 


20 


1.32 


32 


2.0 


48 



All the publications, patents and patent applications cited in the present specification 
are incorporated herein by reference in their entireties. 

Industrial Applicab i lity 

By controlling the concentration of dissolved oxygen in a culture during cultivation, 
it is possible to change the production ratios of resulting carotenoid compounds in a process 
of microbiological production of a plurality of carotenoid compounds. 
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